Results: The median follow-up time was 37 months, and the 5-year OS was 43.3%. The overall 5-year OS was 41.2%, 49.7%, 44.0%, and 29.8% for the A, B, O, and AB groups, respectively (P=0.038). Among patients with negative lymph nodes (LNs), the 5-year OS was 59.0%, 68.2%, 57.9%, and 28.6% for the A, B, O, and AB groups, respectively (P,0.001), but blood type had no value in predicting the OS of patients with positive LNs (P=0.524). In multivariate Cox regression analysis of all patients, ABO blood group was not an independent prognostic factor of OS. However, in patients with negative LNs, blood type was an independent prognostic factor of OS, and the higher risk of death for patients of type AB versus non-AB significant in multivariate analyses (hazard ratio [HR], 2.576; 95% confidence interval [CI], 1.349-4.919; P=0.004). Conclusion: ABO blood group is associated with survival in Chinese patients with ESCC. Patients with blood type AB had a significantly worse OS than patients with non-AB type, especially in patients with negative LNs.
Introduction
Esophageal cancer (EC) is a highly fatal gastrointestinal malignancy. 1 In People's Republic of China, EC, which is predominantly squamous cell carcinoma (ESCC; 90% of cases), is the fifth most common cancer and the fourth leading cause of cancer-related deaths. 2 Lymph node (LN) metastasis, grade of differentiation, location of the primary tumor, and depth of primary tumor infiltration are the most common prognostic factors in ESCC, all of which are factors of the 7th edition of the Union for International Cancer Control and the American Joint Committee on Cancer (UICC/ AJCC) Tumor, Node, Metastasis (TNM) staging system. 3 Although prognostic factors for ESCC have been intensively studied, including in the field of molecular biology, prognoses differ despite similar stages. Identification of biomarkers that are readily available, inexpensive, and reproducible could improve the prognosis of patients and help physicians in providing individualized therapies.
Recently, the association between ABO blood group and survival has been evaluated in several malignancies, including pancreatic cancer, 4 colon cancer, 5 nasopharyngeal carcinoma, 6 and breast cancer. 7 Previous studies have suggested that blood type B was associated with an increased risk of EC. [8] [9] [10] However, to date, controversy remains 
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Qin et al over the clinical value of ABO blood group to predict the prognosis of ESCC. [11] [12] [13] Therefore, the aim of this retrospective analysis was to assess the relationship between blood type and survival among Chinese patients with ESCC who underwent esophagectomy as their primary treatment.
Materials and methods Patients
This study enrolled 548 patients with ESCC who received radical esophagectomy between October 2002 and March 2007. The inclusion criteria were as follows: 1) resectable ESCC with radical esophagectomy and LN dissection; 2) staging of ESCC as primary (p)T1-3N0-3M0 according to the 7th edition of the UICC/AJCC TNM staging system; 3) negative surgical margin (R0); 4) no preoperative radiotherapy or chemotherapy; and 5) ESCC located in the thoracic esophagus. The study was performed in accordance with the Declaration of Helsinki and was approved by the ethics committee of Sun Yat-Sen University Cancer Center. All patients provided written informed consent for storage of their medical records in the hospital database and for use of this information in our research.
clinicopathological factors
Clinicopathological factors were used to assess the risk of death. Factors examined included age, sex, tumor location, pT stage, pN stage, histologic grade, smoking, alcohol consumption, and ABO blood group. An ever smoker was defined as one who smoked at least once a day for more than 1 year, and a drinker was defined as one who drank alcohol more than 100 mL/day for more than 1 year.
Follow-up and survival endpoints
Follow-up was performed every 3-6 months after surgery via a hospital visit, telephone call, or letter. The endpoint of the study was overall survival (OS). OS was calculated as the period from the date of diagnosis to the date of death from any cause or to the date of the last follow-up.
statistical analysis
The χ 2 and Fisher's exact tests were used to analyze the differences between qualitative data. Survival rates were plotted by the Kaplan-Meier method and compared by using the log-rank test. A stepwise Cox regression model was used for multivariate analysis. Factors that were significant indicators of endpoints in the univariate analysis were included in the stepwise Cox regression analysis. All data were analyzed with the SPSS statistical software package, version 16.0 (IBM Corporation, Armonk, NY, USA). A P-value ,0.05 was considered statistically significant. 
Results

Patient characteristics
effect of aBO blood group on survival
The median follow-up time was 37 months (range: 6-131 months). Of the 548 enrolled patients, 331 had died, of whom 323 died of ESCC-related diseases, 3 of cardiovascular diseases, and 5 of other diseases. The 5-year OS for all patients was 43.3%. In the Kaplan-Meier analysis, blood type was associated with OS, the 5-year OS was 41.2%, 49.7%, 44.0%, and 29.8% for patients with the A, B, O, and AB blood type, respectively (P=0.038; Table 2 ). For patients with negative LNs, univariate analysis showed that ABO blood group affected the prognosis of survival, with a 5-year OS of 59.0%, 68.2%, 57.9%, and 28.6% for patients with the A, B, O, and AB blood type, respectively (P,0.001; Figure 1 ). In contrast, blood type had no value in predicting the prognosis of patients with positive LNs (P=0.524; Table 2 ). Furthermore, when the prognostic impact of AB and non-AB types was compared, patients with type AB had a significantly poorer 5-year OS than did patients with a non-AB blood type (29.8% vs 44.6%, P=0.024). Finally, among patients with LN-negative ESCC, the 5-year OS of those with AB and non-AB blood types was 14.3% and 61.2%, respectively (P,0.001; Figure 2 ).
To determine whether ABO blood group could serve as an independent prognostic factor, we used Cox proportional 
Discussion
In the present study, we investigated the value of ABO blood group in predicting the prognosis of patients who underwent radical surgery for ESCC. The results showed that blood type is an independent factor affecting the prognosis of patients with ESCC, especially for those without LN metastasis. Many studies have examined the value of ABO blood group in predicting the risk of various solid tumors and hematologic malignancies. [14] [15] [16] [17] It was found that the risk of EC increased significantly in patients with blood type B. [8] [9] [10] However, controversy still exists regarding the ability of ABO blood group to predict prognosis. Sun et al studied patients with ESCC who had a history of smoking and found that the B and O blood types were negatively associated with survival, 11 and Yang et al suggested that the survival of patients with blood type O was significantly poorer than that of patients with other blood types. 12 Abbreviations: g, grade; n, node; p, primary; T, tumor.
and prognosis. 13 Among the 548 patients in the present study, the proportions of blood types A, B, O, and AB were similar to those of the above-mentioned studies. [15] [16] [17] As a result, our study clarifies the prognostic value of ABO blood groups for survival among Chinese patients with ESCC. However, the results of the present study showed that the prognosis of patients with blood type AB was significantly poorer than that of patients with other blood types, especially in patients whose LNs were negative. A multivariate analysis determined that blood type AB is an independent factor affecting the survival of patients with ESCC. Though the distribution of blood groups with ESCC in the present study was similar to those of other studies, the reasons for the observed differences in results are unknown. The conflicting results could be due to the heterogeneity of study populations, differences in patient characteristics, or limited study sizes.
The prognosis of patients with ESCC and without LN metastases is known to be better than that of patients whose LNs are positive. Factors that negatively affect the prognosis of patients with LN-negative ESCC include age, depth of invasion, the length of the primary tumor, histologic grade, and behaviors such as smoking and drinking. [18] [19] [20] The multivariate analysis in the present study showed that alcohol consumption, histologic grade, and AB blood type had a negative impact on the prognoses of patients with negative LNs. The disparate results in patients with and without LN metastases might be due to the following potential reason: ESCC patients with positive LNs have a higher cancer load and the status of positive LNs themselves is a high risk factor for a poor prognosis. Among our patients with blood type AB had tumors that were primarily G3, which might imply that these patients' tumors had specific biological 
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Blood type on survival in escc Figure 1 Overall survival of patients with lymph node-negative esophageal squamous cell carcinoma stratified by ABO blood group. Notes: Kaplan-Meier analysis of overall survival (y-axis) overtime (x-axis) in patients with lymph node-negative esophageal squamous cell carcinoma. survival was shortest among patients with type aB blood (P,0.001).
Figure 2
Overall survival of patients with lymph node-negative esophageal squamous cell carcinoma stratified by AB blood type. Notes: Kaplan-Meier analysis of overall survival (y-axis) overtime (x-axis) in patients with lymph node-negative esophageal squamous cell carcinoma. survival was longer among patients with a, B, or O blood types than among those with type aB (P,0.001). behaviors. Based on these data, we hypothesize that the genetic background associated with type AB blood might predispose ESCC to a poorer prognosis. It remains uncertain why the ABO blood group antigens affect the survival of patients with EC. However, a growing number of studies have examined this issue, and the possible mechanisms include inflammation, immunosurveillance of cancer cells, intracellular adhesion, and membrane signaling. 21 In addition, the expression of blood group antigens on cancer cells is modified by hypermethylation of the ABO promoter, and this hypermethylation might be related to tumor invasion and metastasis.
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The ABO gene is located on chromosome 9q34 and encodes glycosyltransferases, 23 which catalyze the step-bystep transfer of nucleotide donor sugars to the H antigen to form the A and B antigens. 24 Aberrant glycosylation represents a hallmark of cancer development and progression. 25 Thus, we hypothesize that patients with blood type AB are more susceptible to disease failure because their blood group antigens promote tumor cell invasion and the immune responses of ESCC cells. Further studies of the impact of blood type on tumor behavior or response to therapy could elucidate novel aspects of tumor biology and help guide individualized therapy for ESCC.
There are some limitations of the present study. First, this study is a single-center retrospective study and is not representative of the general population. Second, in order to avoid potential biases, patients enrolled in the present study were locoregional ESCC cases and underwent esophagectomy as curative treatment. Therefore, this study excluded patients with metastatic disease and those with unresectable ESCC. Thirdly, the detailed mechanism connecting the prognosis of ESCC patients and the ABO blood types remains unknown in the present study. Further explorations of the detailed mechanism may lead to the development of completely new cancer treatments.
In conclusion, the results of the present study show that ABO blood group is a prognostic factor for survival in patients with ESCC after esophagectomy. Patients with blood type AB had a significantly worse OS than patients with non-AB types, and this was especially in patients with negative LN. Our results should be verified by additional studies. Additionally, more research is needed to elucidate the association between ABO blood group and the genetic and biological features of ESCC.
